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The widespread occurrence and toxicological properties of polynuclear 
aromatic hydrocarbon. (PAH) has promoted extensive studies of this class of 
compounds. Recently Interest has focussed on PAH compounds incorporating 
one or lore cyclopentene ringsl-3 after the observation that cyclopenta- 
[c.d] pyrene (CPP) is a coswon envlronnental contaminant and exhibits a high 
level of mutagenic and carcinogenic activity*. The more simple analogues of 
CPP aceanthrylene (1) and acephenanthrylene (2) Here also recently syn- 
thesized 2.S-» and found to exhibit mutagenic activity*. 10. Aceanthrylene 
(1) is found to be more potent than 2 and this behaviour has been correlated 
with the stabilization energies associated Kith the suspected carbocatlon 
intermediates produced from the epoxide metabolites 1 ", sulfur containing 
polynuclear aromatic compounds (PAC's) have been also detected in environ- 
mental samples derived from organic combustion sources. 11 Host of these 
sulfur PAC's are in the form of PAH's Kith one or more of the benzene rings 
replaced by thiophenes. 




I 2 3 4 5 

In contrast to the carbocyclic systems relatively little is knowi about 
the biological properties of sulfur heterocyclic analogues of mutagenic and 
carcinogenic PAH's because of the lack of standards, although certain sulfur 
analogues of carcinogenic PAH's have been shown to be even more potent than 
the parent PAH. 12 

We have developed a program toKards the synthesis of heterocyclic 
analogues of caraclnogenlc PAH's and have recently reported the preparation 
of acenaphtho[5,4-b]thiophene (3)13 an analogue of acephenanthrylene (2). 
Two thlophene Isomers of aceanthrylene are possible, Acenapthol 3.4-bjthlo- 
phene (4) and acenaphtho[4 ,3-bJthiophene 5. Various perhydro derivatives of 
4 and 5 have been reported in certain crude oil distil lates" . 15 but to our 
knoKledge the parent heterocycles are unknoKn. In this note M* Kould like 
to describe the synthesis of 4 
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Results and Discussion 

Attempts at preparing 4 and 5 using a two carbon substituted precursor 
derived from a napthothlophene failed to undergo ring forp.it ion of the ace- 
brldge. The method that was adopted was along similar lines to Plunder's 
synthesis of aceanthrylene 9 . Reaction of naphtho(2 ,3-b)thiophene (6) 
readily prepared by our reported route involving a cyclobutane rearrange- 
■entl fi . was treated with oxalyl chloride and anhydrous aluminum chloride to 
give the diketone 7 in 52* yield (Scheme 1) along 
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with polar products which were not Identified. The acequlnone bridge was 
assigned the 8-9 bonding rather than 5-4 (8) on the basis of NMR experiments 
which indicated long range coupling between proton 3 (AB pattern) and 4 
broad singlet) as well as small (2*) NOE enhancements observed In selective 
Irradiations of these nuclei. This assignment was further substantiated by 
similar NMR data obtained for 4. Attempts to assign the reglochemistry of 
the qulnone bridge in 7 using selectively monodeuterated 4-d 6 and 9-d 6 
obtained in an earlier study 16 and reacting these with oxalyl chloride under 
the same conditions gave the diketone 7 with scrambling of the deuterium in 
both cases. The reglochemistry of acylatlon Is somewhat unusual in that 
acylatlons of naphtho and benxothlophenes normally occur at C-2 of the 
thiophene ring. For Instance Castle and Lee have reported that naphtho|2.3- 
b]thiophene (6) undergoes acylatlon with phthallc anhydride to give the C-2 
acylated product.' 7 The unidentified polar products associated with the 
formation of 7 in the oxalyl chloride reaction of • may be associated with 
mono-acylallons at C-2 and C-3 as well as other positions in the ring. The 
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absence of 8-4 bridged qulnonea cannot be readily explained. A proximal 
sulfur atom may be responsible in directing bia acylatlons to the 8-9 
positions of 6. 

Reaction of diketone 7 with hydriodlc acid resulted In deoxygenation to 
acenaphthene[3.4-b]thlophene (■) in 78* yield. Thla unusual reaction is 
related to Harvey's observations of polycyclic aromatic qulnonet being 
readily reduced with HI to the fully aromatic systema.™ The dehydrogena- 
tion of « to the aromatic thiophene was readily accomplished with 2,3- 
dichloro-5,6-dicyano-benzoquinone In 70* yield. The yellow crystalline 
product exhibited a proton nmr spectrum consistent with the substitution 
pattern (see Figure 1). Two sets of AB signals are discernable and centered 
at 7.7 and 7.25 ppm. The AB sienal centered at 7.25 ppm is assigned to the 
ace-bridge protons and those at 7.7 ppm to the thiphene ring protons on the 
basis of comparison with those reported for aceanthryleneB and naphtho[2,3- 
b J thiophene. 18 Further support for the atructure assignment of 4 was 
obtained from the 2-D homonuclear shift correlated spectrum and selective 
homonuclear NOE difference experiments, irradiation of the singlet peak at 
8.4 ppm (H-4) led to signal enhancements of the doublet peak at 7.94 ppm (H- 
5) and 7.64 ppm (H-3, one-half of AB centered at 7.7 ppm). Irradiation of 
the doublet signal at 7.4 ppm (H-8, one-half of AB centered at 7.25 ppm) led 
to enhancements of the doublet signal at 7.81 ppm (H-7) and 7.1 ppm (H-9. 
one-half of AB centered at 7.1 ppm). The combined COSY and NOE difference 
spectra permit the assignment of all of the proton signals for 4 which are 
detailed In the experimental section. The uv/vislble spectra of 4 resembles 
very closely that for aceanthrylene I (see Figure 2) Indicating the similar- 
ity of the x-electronic framework. 

Work is in progress to determine the mutagenic activities of thiophenes 
3 and 4. 

Experimental Section 

Melting points (mp) were determined on a Relchert melting point 
apparatus and were uncorrected. Infrared (IR) spectra were recorded on a 
Unlearn SP-1000 instrument as thin films or KBr pellets Ultraviolet (UV) 
spectra were measured on a Unlearn SP800-A spectrometer and Hewlett Packard 
8451A diode array spectrophotometer. Proton NMK spectra were recorded on a 
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Bruker AM-300 (300 MHi ) and AM-500 spectrometers using samples dissolved In 
CDCI3 containing 1* Me 4 Si aa Internal atandard. All NMR values are reported 
as chemical shift 6 In ppm downfleld from Me 4 Sl . Mass spectra were recorded 
on a V.G. Hicromass 16F spectrometer . High resolution mass spectrometry was 
perforsied at the McMaster Regional Centre for Mass Spectrometry using a V0 
ZAB-E Instrument In the El mode at 70eV. Elemental analyses were performed 
by Guelph Chemical Laboratories Limited. Naphtho[2.3-b]thlophene was 
prepared by a four step route described by us. 16 
8.9 Acenaphtho[2 . 3 b] th(ophenequlnone(7 ) . 

A solution of naphtho|2.3-b)thiophene (6) 16 (0.178 g, 1 mmole) In 
dlchloromethane (10 ml) was added slowly to a stirred mixture of oxalyl 
chloride (0.35 ml, 4 mmolesl and anhydrous aluminum chloride (0.23 g, 1.7 
.moles) In dry dlchloromethane (20 ml) at 0-5 o C . stirring was continued at 
°C for 6 h. The black solution was poured onto Ice/water and filtered. 
The orange solution was washed with saturated Nn 2 C0 3 (15 ml), water (2 X 15 
ml), dried over anhydrous MgS0 4 and filtered. The filtrate was evaporated 
to give a residue which was chromatographed on a column (flash grade silica 
gel) using 1:1 petr. ether: dichloromethene as the eluting solvent. This 
gave a red crystalline material (0.120 g, 51.7*) 7; mp 282-283 o c . l n NMR 
(CDCI3): 6 8.8 (S, 1H. H-4), 8.28 (d. J-8.5 Hz. 1H. H-5). 8.25 (dxd. J-5.5. 
0.7 Hz. 1H. H-3), 8.07 (d. J-6.8 Hz. 1H, H-7), 8.0 (d. J-5.5 Hz, 1H, H-2). 
7.78 (dxd. J-8.5. 6.8 Hz. 1H, H-6); 1R (KBr) 1680 em"! (C-0); uv (CH 2 C1 2 ) 
/max 266 nm (log e = 4.36), 366 nm (log c - 3.52). 386 nm (log £ ■ 3.51); 
mass spectrum, m/e (relative intensity) 238 (58. MM. 210 (100, 
M-C0). 182 (78, M - 2(C0)): high resolution MS, calc. for C 14 H 6 2 S m/e 
238.0099; Found: 238.0094; Anal Calcd for C 14 Hfi0 2 S: C. 70.65; H. 2.54: S. 
13.47; Pound: C, 70.83: H. 2.47; S. 13 19; 
8.9-Acenapbthenel2.3-b)thlophene 8. 

A mixture of quinone 7 (120 mg. 0.5 mmole) and 47* hydriodic acid (20 
mmole) ln acetic acid (5 ml) was heated to reflux for 20 h. The hot 
solution Is then poured into a 1* aqueous sodium bisulfite solution (50 ml). 
The solution was extracted with dlchloromethane 12 x 20 ml) and the combined 
organic extracts were washed with water (20 ml), saturated bicarbonate 
solution (2 x 20 ml) and dried over anhydrous MgS0 4 . filtered and evaporated 
to give an oil which was applied to a column of flash grade silica gel. A 
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1:1 dichloromethene: pet. ether solution eluted a yellow oil 8 (80 mg, 

76*); ! H NMR (CD 2 C1 2 ): 6 8.18 (S, 1H. H-4), 7.67 (d, J-8.3 Hz. 1H, H-5), 

7.51 (d. J-5.7 Hz. 1H. H-3 or H-2), 7.45 (dxd. J-6.9. 8.3 Hz. 1H. H-6). 7.39 

(d, J-5.7 HJz. 1H, H-2 or H-3). 7.25 (d, J-6.9 Hz. 1H, H-7). 3.65 

(t, AA'BB', 5 = 7.2 Hz). 2H, methylene H's), 3.55 (t. AA'BB', J > 7.2 H 2 . 211 . 

methylene H's). This product undergoes slow oxidation ln air to give 7 as 

one of the products so that no satisfactory elemental analysis could be 

obtained. 

Acennphtho{3,4 bjthiophene 4. 

A solution of 8 (80 mg, 0.38 mmole) and linq (216 mg. 0.95 mmole) In 30 
ml of toluene was heated to reflux for 30 minutes. The slurry was cooled, 
concentrated by rotovap and the residue was applied to a column containing 
basic alumina and eluted with toluene. An orange crystalline material 4 was 
obtained (0.057 g. 70*); mp 74-75 °C; ] H NMR (CDCI3): t 8.35 (s. 1H. H-4). 
7.9 (d. J=8.2 Hz. 1H. H-5). 7.76 (d. J - 6.7 Hz. 1H, H-7). 7.7 (d, J - 5.6 
Hz. 1H, H-2). 7.62 (dxd, J - 5.6, 0.6 H 2 , 1H, H-3). 7.57 (dxd. J - 8.2. 6.7 
Hz. 1H. H-7). 7.37 (d. AB, J - 5.2 Hz, 1H, H-9), 7.13 (d. AB. J - 5.2 Hz, 
1H. H-8): mass spectrum, m/e (relative intensity) 208 (100, M*). 160 (18), 
128 (21); hgh resoluton MS, calc. for C ]4 HgS m/e 208.0367. found 208.0357. 
Anal. Calcd for C ]4 HgS: C. 80.77; H, 3.85; S. 15.38; Found: C, 81.05: H, 
3.97; S, 15.26: uv (EtOH) /(max 258 nm (log E ■ 4.23), 350 nm (log e - 3.87). 
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Figure 1 
] H NMR Spectrua (300 MHz) of Acenaphtho[3.4-b]thiophene 4 
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Fleure 2 
UV Spectra of Acenaphtho[3.4-b]thlophene (4) and Aceanthrylene In CH 2 C« 2 
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